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Abstract 
To utilize various potential agricultural residues, pellet making was performed and the pellets obtained were characterized in this 
study.  Oil palm empty fruit bunch (OPEFB), oil palm frond (OPF), oil palm shell (OPS) and oil palm mesocarp (OPM) were 
employed as feedstock. Biopellet production was started with material crushing to get uniform material and then continued with 
pellet forming. Pellet making was conducted using conventional pelletizer under temperatures of 150, 200 and 250qC for 15 
minutes.  Some characteristics were measured to determine biopellet quality, i.e. moisture content, density, ash content and 
calorific value. Based on the water content, ash content, density and calorific value, OPM biopellets that pressed at 200 and
250qC showed the best formula. The characteristics of this biopellet were moisture content of 1.7-1.9%, ash of 6.85-7.45%, and 
calorific value of 3,814-4,724 kcal/kg. 
© 2013 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility ofthe SustaiN conference committee and supported by Kyoto University; (RISH), 
(OPIR), (GCOE-ARS) and (GSS) as co-hosts. 
Keywords : Oil palm solid waste; flat-dye pelletizer; pellet; calorific value 
* Corresponding author. Tel.: +62-2187914511; fax: +62-2187914510. 
E-mail address:sasasofyanm@biomaterial.lipi.go.id. 
© 2014 The Authors. Published by Elsevier B.V. Open access under CC BY-NC-ND license. 
Selection and peer-review under responsibility of the SustaiN conference committee and supported by Kyoto University; 
(RISH), (OPIR), (GCOE-ARS) and (GSS) as co-hosts 
337 Sasa Sofyan Munawar and Bambang Subiyanto /  Procedia Environmental Sciences  20 ( 2014 )  336 – 341 
1. Introduction 
Biomass resources are abundant in Indonesia. It has been estimated according to Indonesian Energy Outlook that 
the land resources of Indonesia capable of producing at least 434,000 GW or equal to 255 million barrel oil per year 
[1]. It has been projected to be able to replace at least 30% of petroleum consumption. Biomass for modern energy is 
used to generate electricity and domestic heating. It is applied in countries like Denmark, Finland and Sweden. In 
agriculture processing industry like cane sugar and palm oil mill, biomass is used for co-generation to produce 
electricity and boiler steam.   
Biomass wastes were generated from agro-processing operations such as shelling, pressing and extraction.  
Biomass for fuel usually has low economic value such as bagasse, corn cob, coffee husk, coconut shell, palm oil 
shell, saw-dust and cocoa pod [2].  Direct biomass burning without processing will cause respiratory problem 
because of its carbon monoxide, sulphur dioxide (SO2) and particulate material [3]. Bergman and Zerbe found that 
biomass densification to a better form, can increase its quality as fuel [4]. But, a positive energy balance should be 
considered, means that the energy content should be bigger than the energy for the production process [5].   
Most byproducts from agro-processing are lightly-dense (<150 kg/m3) and therefore cannot be efficiently and 
economically transported over long distances to areas where they can be effectively utilized. Densification by 
pelletizing is one of the effective ways that has been used to increase the value of agricultural and biological 
materials [6]. Pellets are manufactured by grinding, conditioning (application of heat and/or moisture) and forcing 
the ground sample through dies that range in diameter from 4 to 12 mm or even larger [7]. Several published studies 
have shown that moisture content significantly influences the physical properties of biological materials [8].   
This research is focused on biomasses from oil palm industry waste, i.e. oil palm empty fruit bunch, oil palm 
frond, oil palm shell, and oil palm mesocarp. The objective of this research is to find the most suitable material of 
biomass pellets based on feedstock availability, including activity to find biopellet formulations, which characterize 
moisture content, density, ash content, and calorific value well. 
2. Materials and methods 
2.1. Materials 
Biomass materials used in this study are oil palm empty fruit bunch (OPEFB), oil palm frond (OPF), oil palm 
shell (OPS), and oil palm mesocarp (OPM). Equipment’s used are crusher, hammer mill, oven and conventional 
pelletizer.  The density of biopellet materials is shown in Table 1. 
                           Table 1. The density of biopellet material. 
Bahan baku Berat jenis (g/cm3) 
OPEFB 0,47 
OPF 0,45 
OPS 0,94 
OPM 0,46 
2.2. Methods 
Biopellet production was started with material crushing and milling to get uniformly material and then continued 
with pellet forming. Pellet making was conducted using conventional pelletizer under temperatures of 150, 200 and 
250qC for 15 minutes.  Some characteristics were measured to determine biopellet quality, i.e. moisture content, 
density, ash content and calorific value (Table 2) and compared with standard in Table 3. 
       Table 2. Characteristics and testing methods. 
Charactristics Method 
Water content Dried in oven at 105qC for 1 hour (ASTM D3173) 
Density Weight by volume (ASTM D4784) 
Ash content Burned in furnace at 750qC for 30 mins (ASTM D3174) 
Calorific value Bomb calorymeter (ASTM D1989) 
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                Table 3.  Some bio-pellet standards. 
Charactristics Unit Önorm M 7135 (Austria) 
DIN 51731 
(Jerman) 
DIN plus (Pellet 
Association Germany) 
Pellet Fuel 
Institute 
ITEBE 
(2001-2007) 
Water content % <10 <12 <10 - <15 
Density kg/dm3 >1,12 1,0-1,4 >1,12 >0,64 >1,15 
Ash content % <0,5 <1,5 <0,5 <3 
(standard) 
<1 
(premium) 
<6 
Calorific value MJ/kg >18 17,5-19,5 >18 >19,08 >16,9 
 
3. Results 
3.1. Biopellet processing and characteristis 
Fig. 2 shows biopellet products.  From all given formulas, not all could be formed to pellet. Pellet with OPS was 
difficult to be densified because it was too dry and light. OPEFB and OPM pellets were fragile because the size of 
the particle cannot be smooth (Fig. 2). 
3.2. Water content 
Water content is the ratio between total water inside a substance with its dry weight. Water content highly affects 
material quality. Water content is one of the most important characteristics to determine biopellet quality. This is 
related to the speed of ignition, smoke and biopellet’s storage. Biopellet’s water content can be seen in Fig. 2.  
Highest water content resulted from EFB biopellet of 5.8% that pressed at 250qC and the lowest one resulted 
from OPF of 1.5% that pressed at 200qC.  From all formulas, OPM pellets showed lower in water content when 
compared with other materials.  All biopellet products met all the standards (Table 3).  The lower water content will 
make biopellet ignition easier and storage life becomes longer. High water content can cause mold growth during 
storage.   
 
 
 (a)  (b) 
 (c)  (d) 
Fig. 1.  Biopellet from (a) OPEFB; (b) OPF; (c) OPS; (d) OPM 
339 Sasa Sofyan Munawar and Bambang Subiyanto /  Procedia Environmental Sciences  20 ( 2014 )  336 – 341 
 
 
Fig. 2.  Water contents of (a) OPEFB; (b) OPF; (c) OPS; (d) OPM biopellets 
3.3. Density 
Density is associated with the mass density of a material in a certain space.  Low density of materials/products 
will cause problems in transportation and storage. Pelletizing is one of techniques to improve the bulk density of a 
material. Biopellet’s density can be seen in Fig. 3.   
Some factors that affect biopellet density are particle and pellet size. Particle size of pellet from OPF and OPM 
and OPEFB rougher compared to other pellets thus its density become smaller. This is also affected by the material 
itself and pressing temperature conditions.  Table 1 shows that the material density of OPF and OPM and OPEFB 
are lighter than OPS. The highest density was OPS that pressed at 200 and 250qC and the lowest one is OPF that 
pressed at 150qC. High density of products can improve efficiency in transportation and storage.   
 
 
 
 
Fig. 3.  Densities of (a) OPEFB; (b) OPF; (c) OPS; (d) OPM biopellets 
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Fig. 4.  Ash content of (a) OPEFB; (b) OPF; (c) OPS; (d) OPM biopellets 
3.4. Ash content 
Ash is an inorganic component that residues from burning of organic matter. Ash content is an important 
parameter on the grading of biopellet production.  Ash content is measured from weight after a perfect burning of 
organic matter in high temperature (500-600°C). Weight loss occurs because of organic matter evaporation. This 
residue consists of oxides and salts containing anions such as phosphates, chlorides, sulfates, and other halides and 
cations such as sodium, potassium, calcium, magnesium, iron, and manganese. Biopellet’s ash content can be seen 
in Fig. 4.    
Highest ashcontent of 16.27-18.03% resulted from OPS biopellets that pressed at all temperatures condition.  
This might bedue to high content of organic matter in OPS.  On the other hand, the lowest ash content of 4.15-
4.34% resulted from OPS biopellets that pressed also at all temperature conditions.  All biopellet products were not 
meeting the standards, except biopellets made form OPF and OPEFB that met ITEBE standard (Table 3). 
3.5. Calorific value 
According to Grover et al., the main parameter for measurement of biomass fuel is calculated from its calorific 
value [9]. Palz said that fuel’s calorific value indicates energy that chemically bounded in fuel at an ambient 
standard condition, such as temperature, water phase (vapor or liquid), and burning emission (CO2, H2O, etc.) [10].  
Calorific value of biomass pellets were affected by the ash content. The higher the ashes content of the raw 
material, the lower the calorific value, because ash is a material that does not generate energy [2]. If we look into 
biopellet’s calorific value, it can be seen that the higher ash content of biopellet produced the lower calorific value. 
OPS biopellets that produced in all temperatures condition resulted in the lowest calorific value of 3,096-3,818 
kcal/kg (Fig. 5).  This might be due to highest ash content of OPS biopellets that were 16.27-18.03%.  The highest 
calorific value showed in OPM biopellets of 3,814-4,724 kcal/kg pressed in all temperatures condition.  This might 
be caused by the persistence of oil in the OPM and differences in fix carbon contents.  
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Fig. 5.  Calorific value of (a) OPEFB; (b) OPF; (c) OPS; (d) OPM biopellets 
4. Conclusions 
Oil palm frond is easily molded to be biopellet than other materials. The key factor in producing biopellets 
depends on the type and size of material.  Based on the water content, ash content, density and calorific value then 
oil palm mesocarp fiber biopellet that pressed at 200 and 250qC as the best formula. 
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